ABSTRACT The importance of routine neck ultrasonography for the detection of unsuspected local or nodal recurrence of thyroid cancer following thyroidectomy (with or without neck dissection) is well documented in many journal articles and international guidelines. Herein, we present a pictorial summary of the sonographic features of benign and malignant central neck compartment nodules and cervical lymph nodes via a series of high-quality ultrasonographic images, with a review of the literature.
I NTRO D U C TIO N
The usefulness of routine neck ultrasonography (US) in detecting unsuspected local or nodal recurrence of thyroid cancer after thyroidectomy is well documented in journal articles (1, 2) and international guidelines. (3, 4) This evaluation is 
G EN ER A L CO N S ID ER ATIO N S Local extent of the problem
Thyroid cancer is the 10th most common cancer among 
Papillary thyroid cancer (PTC) accounts for about 80% of differentiated thyroid cancer. (7) Although PTC generally has a relatively indolent course, recurrent disease is not uncommon.
It is estimated that 5%-20% of patients develop local/regional recurrences, sometimes after many years have passed. (8) The risk of recurrence is higher in the following instances: older age, male gender, larger tumours, tumours that extend beyond the capsule, certain histological variants, or regional nodal metastases.
(8-10)
Importance of post-thyroidectomy neck US for surveillance
Although stimulated thyroglobulin (Tg) testing for recurrent thyroid cancer generally provides effective surveillance against disease recurrence, with a high negative predictive value (NPV) of 99%, (11) it has a major limitation -interference from Tg antibodies that cause a falsely low or undetectable serum Tg level can mask the presence of disease. Tg testing is also less useful in patients who have not undergone RAI remnant ablation. Thus, the role of neck US surveillance becomes particularly relevant in these patients and in the context of recurrent disease that is not I-131 avid (which comprises one-quarter of all recurrences). (2) US is a very sensitive modality for detecting abnormal lymph nodes and masses in the thyroid bed, and may also occasionally demonstrate persistent disease despite a negative stimulated Tg measurement. (12, 13) Thus, the American Thyroid Association guidelines have emphasised the role of neck US in the follow-up of patients with PTC. (14) Indeed, the combination 
CE NTR A L N ECK CO M PA RTM E NT O N POS T TH Y ROID EC TO M Y U S Normal findings and/or benign variants in the central neck
The central compartment, which contains the thyroid bed and the paratracheal/paraoesophageal nodes, essentially comprises the area between the trachea and carotid arteries. After thyroidectomy, the carotid artery and jugular vein slide medially into the space previously occupied by the thyroid gland. (16) The right carotid artery typically lies immediately adjacent to the trachea (Fig. 1a) , whereas the left carotid artery lies along the lateral edge of the oesophagus (Fig. 1b) . (16) The normal postoperative thyroid bed should have a uniform echogenic texture owing to fibrofatty connective tissue. (2) Although there is usually no intervening tissue between the trachea and common carotid artery, the finding of uniform echogenic texture owing to fibrofatty connective tissue in the thyroid bed is common (Fig. 1a) . The left thyroid bed is often occupied by the oesophagus (Fig. 1b) .
The US finding of nodularity in the post-thyroidectomy bed is generally suspicious. However, nodules that contain linear internal echoes parallel to the surrounding tissue plane on longitudinal section (as in Fig. 2b ) are most likely due to postoperative granulation tissue. This US appearance has 100% specificity for benignity. (2) Benign lesions causing nodules in the thyroid bed may be due to postoperative fibrosis, suture granulomata, reactive lymph nodes or parathyroid adenoma. (16) Another benign pathology that mimics tumour recurrence in the thyroid bed is remnant thyroid tissue. (Fig. 3a) . (16) Most have well-defined margins and some may have microcalcifications or a cystic component (Fig. 4) . (16) However, metastases from PTC may appear hyperechoic due to the deposition of Tg (Figs. 3b & c) . Any hypoechoic mass detected in the postoperative thyroid bed is suggestive of recurrence, and a biopsy should be performed, as recurrence is associated with increased mortality. (2) However, if there is no supporting clinical or laboratory finding suggestive of local tumour recurrence, then the abnormality in the thyroid bed may be followed up with US, rather than immediate US-guided fine-needle aspiration cytology. (2) The rate of malignancy is significantly higher in nodules with marginal irregularity (Fig. 4) , microcalcification, and a shape that is not parallel to the surrounding tissue plane (Fig. 3c) . Recurrence shown in (c) wa s subsequently conf irmed to be the insular t ype of thyroid c arcinoma on histopatholog y.
Fig. 4 Histopatholog y-proven recurrent papillar y thyroid carcinoma . U S i m a g e s h ow s c e nt r a l n e c k r e c u r r e n c e s w i t h h e te r o g e n e o u s internal echoes and c ystic component s (arrows)
. C ystic necrosis, a s shown here, is more frequently seen in papillar y c arcinoma s.
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CE RV I CA L N O D E S I N TH E N ECK O N POS T-TH Y ROID EC TO M Y U S Features of benign/reactive nodes
Lymph nodes with an echogenic centre are typically benign, as are oval or cylindrical nodes. in clinical practice and can be assumed to be benign (Fig. 7) .
Features suspicious for malignant nodes, with special reference to differentiated thyroid cancer
Metastatic nodes are usually hypoechoic (Fig. 8) . However, metastatic nodes from PTCs tend to be hyperechoic (Fig. 10a ).
This is due to the deposition of Tg. (17) Also, the rounder the node, the greater the risk of involvement (Figs. 8 & 10a) . (1) While nodal calcification is generally rare in metastatic nodes, it is common in metastatic nodes from PTCs (Figs. 10a & b) . (17) Lymph nodes showing peripheral vascularity that does not arise from the hilar vessels, or a combination of peripheral and hilar vascularity, are highly suspicious for malignancy (Figs.
11 & 12b). These peripheral or capsular vessels are recruited in response to pro-angiogenesis factors released by tumour cells. (17) Thus, signs of malignant adenopathy include the presence of internal calcification, a combination of peripheral and hilar vascularity (an almost certain sign of recurrent papillary cancer) (Figs. 11 & 12b) , cystic or partially cystic nodes ( Fig. 12a) and echogenic nodes.
(
Recognition of advanced nodal disease with local infiltration of adjacent structures cannot be missed, as shown in Fig. 13 . In a patient with PTC, the longitudinal US image
shows an echogenic mass within the lumen of the right internal jugular vein (Fig. 13a) , while the correlative computed tomography image confirms the infiltration of the right internal jugular vein by adjacent metastatic lymph node (Fig. 13b) .
Tumour recurrence in the right thyroid bed is also noted.
Among the features described, Leboulleux et al reported the specificities for malignancy to be 100% for cystic appearance and punctate calcifications, although the corresponding sensitivity values were low (46% and 11%, respectively). (18) In the same study, the US feature that gave the best sensitivity-specificity compromise (86% and 82%, respectively) was the pattern of intranodal vascularisation.
CO N CLU S IO N
Neck US is a simple, noninvasive and highly sensitive tool for monitoring disease recurrence in post-thyroidectomy patients with differentiated thyroid cancer. Knowledge of the differentiating features of benign and malignant lesions in these patients may significantly increase the efficacy of this investigation. Along with serum Tg levels and I-131 whole body imaging, neck US should be the cornerstone in the follow-up of post-thyroidectomy patients with thyroid cancer.
